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Pressure sensor apparatus 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a pressure sensor apparatus for 
detecting the pressure of combustion gas in an intake manifold of an internal 
combustion engine for instance. 

2. Description of the Related Art 

There has hitherto been known a pressure sensor apparatus which 
includes a sensor element in the form of a gauge resistor arranged to be 
present in a medium, the pressure of which is to be detected, for detecting the 
pressure of the medium, a control element for controlling an electric signal 
from the sensor element, a power supply element for controlling an input from 
a power supply and a signal from the control element thereby to generate an 
output, a lead frame having the control element and the power supply element 
mounted thereon and serving as an electrical conduction path, and a resin 
body that is formed by integrating the control element, the power supply 
element and the lead frame with one another. All the sensor element, the 
control element and the power supply element are arranged at the same side 
of the lead frame (for instance, see a first patent document: Japanese patent 
application laid-open No.2000-337987). 

In the pressure sensor apparatus of the above-mentioned configuration, 
since all of the sensor element, the control element and the power supply 
element are arranged on the same side of the lead frame, there arises a 
problem that the pressure sensor apparatus is enlarged in its planar 
configuration thereby to increase its overall size. 
SUMMARY OF THE INVENTION 

The present invention is intended to obviate the above-mentioned 
problem, and has for its object to provide a pressure sensor apparatus which is 
substantially reduced in size by utilizing dead space. 

In order to achieve the above object, a pressure sensor apparatus 
according to a first aspect of the present invention is constructed as follows. 
That is, a sensor element in the form of a gauge resistor is arranged to be 
present in a medium, the pressure of which is to be detected, for detecting the 
pressure of the medium. A control element serves to control an electric signal 
from the sensor element, and a power supply element controls an input from a 
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power supply and a signal from the control element thereby to generate an 
output. A lead frame has the control element and the power supply element 
mounted thereon, and serves as an electrical conduction path. A resin body 
is formed by integrating the control element, the power supply element and the 
lead frame with one another. Any one of the sensor element, the control 
element and the power supply element is arranged at one side surface of the 
lead frame, with the remaining two being arranged on the other side surface of 
the lead frame. With the above arrangement, it is possible to achieve 
substantial reduction in the size of the apparatus by using dead space for 
example. 

In addition, a pressure sensor apparatus according to a second aspect 
of the present invention is constructed as follows. That is, a sensor element 
in the form of a gauge resistor is arranged to be present in a medium, the 
pressure of which is to be detected, for detecting the pressure of the medium. 
A control element serves to control an electric signal from the sensor element. 
A power supply element serves to control an input from a power supply and a 
signal from the control element thereby to generate an output. A lead frame 
has the control element and the power supply element mounted thereon and 
serves as an electrical conduction path. A resin body is formed by integrating 
the control element, the power supply element and the lead frame with one 
another. The lead frame has an exposure portion at which a portion thereof 
between the sensor element and the control element and between the sensor 
element and the power supply element is exposed outside. The exposure 
portion is bent into a U-shaped configuration so that the sensor element is 
arranged to overlap with the control element and the power supply element. 
With this arrangement, too, substantial miniaturization of the apparatus as 
whole can be achieved by utilizing dead space. 

Moreover, a pressure sensor apparatus according to a third aspect of 
the present invention is constructed as follows. That is, a sensor element in 
the form of a gauge resistor is arranged to be present in a medium, the 
pressure of which is to be detected, for detecting the pressure of the medium. 
A control element serves control an electric signal from the sensor element. A 
power supply element serves to control an input from a power supply and a 
signal from the control element thereby to generate an output. A terminal has 
the control element and the power supply element mounted thereon for 
outputting a signal from the power supply element to the outside. A resin 
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body is formed by integrating the control element, the power supply element 
and the terminal with one another. With this arrangement, it becomes 
unnecessary to employ a process of welding a lead frame and a terminal with 
each other, whereby the number of the component parts can be reduced, and 
workability can be improved as well. 

The above and other objects, features and advantages of the present 
invention will become more readily apparent to those skilled in the art from the 
following detailed description of preferred embodiments of the present 
invention taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view of a pressure sensor apparatus 
according to a first embodiment of the present invention; 

Fig. 2A is a front elevational view of a sensor module shown in Fig. 1 ; 

Fig. 2B is a cross sectional view of the sensor module shown in Fig. 1; 

Fig. 2C is a rear view of the sensor module shown in Fig. 1 ; 

Fig. 3A is a front elevational view of a sensor module according to a 
second embodiment of the present invention; 

Fig. 3B is a cross sectional view of the sensor module shown in Fig. 

3A.; 

Fig. 3C is a rear view of the sensor module shown in Fig. 3A; 

Fig. 4A is a cross sectional view of a sensor module according to a 
third embodiment of the present invention; 

Fig. 4B is a cross sectional view of a lead frame of the sensor module 
shown in Fig. 4A; 

Fig. 4C is a cross sectional view of another example of a lead frame 
according to the present invention; 

Fig. 5 is a cross sectional view of a sensor module according to a 
fourth embodiment of the present invention; and 

Fig. 6 is a cross sectional view of a pressure sensor apparatus 
according to a fifth embodiment of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, preferred embodiments of the present invention will be described 
in detail while referring to the accompanying drawings. Throughout the 
following embodiments of the present invention, the same or corresponding 
members or parts as those in the aforementioned known apparatus are 
identified by the same symbols. 
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Embodiment 1. 

Fig. 1 is a cross sectional view of a pressure sensor apparatus 
according to a first embodiment of the present invention. Fig. 2A is a front 
elevational view of a sensor module 4 shown in Fig. 1, and Fig. 2B is a cross 
sectional view of the sensor module 4 shown in Fig. 1. Fig. 2C is a rear view 
of the sensor module 4 shown in Fig. 1 . 

The pressure sensor apparatus includes a base 2 having a vent hole 1 , 
the sensor module 4 having a sensor element 3 in the form of a gauge resistor 
arranged to be present in the vent hole 1 for detecting the pressure of a 
medium such as combustion gas in the vent hole 1, and a casing 5 having the 
sensor module 4 enclosed therein. 

The sensor module 4 includes: a control element 6 composed of a 
semiconductor and controlling an electric signal from the sensor element 3; a 
power supply element 7 for controlling an input from the power supply and a 
signal from the control element 6 thereby to generate an output; a lead frame 8 
having the control element 6 and the power supply element 7 mounted thereon, 
and serving as an electrical conduction path; a resin body 9 that is formed by 
integrating the control element 6, the power supply element 7 and the lead 
frame 8 with one another through insert molding such as, for instance, transfer 
molding of an epoxy resin; and a wire 10 that electrically connects the lead 
frame 8, which is formed of a plate material by means of stamping molding, 
and the sensor element 3 with each other. 

A wall 9a of a circular cross section protruding at a side of the base 2 
is formed on the circumference of a seat 11 of the resin body 9, and a groove 
portion 2a is formed at an end face of the base 2 in a manner as to surround 
the vent hole 1. The wall 9a is joined to the groove portion 2a through an 
adhesive 14. 

The sensor element 3 in the form of the gauge resistor, being mounted 
on the seat 11, is arranged on one side surface of the lead frame 8, whereas 
the control element 6 and the power supply element 7 are arranged on the 
other side surface of the lead frame 8. 

A terminal 12, being bent at an intermediate portion thereof, is 
embedded in the casing 5. This terminal 12 comprises a terminal of a 
connector 13, and the terminal 12 has one end portion thereof connected 
through welding with the lead frame 8. The connector 13 is fitted into a 
female connector (not shown) connected to a control unit of a vehicle. 



4 



In the pressure sensor apparatus as constructed above, the sensor 
element 3 detects the pressure of combustion gas in an intake manifold of an 
internal combustion engine of the vehicle through the vent hole 1, and 
generates an electric signal in the form of an amount of voltage variation 
indicative of the pressure thus detected, by using a reference voltage supplied 
from the power supply element 7. By correcting factors due to the 
temperature and a variation of the sensor element 3 in the control element 6, 
the electric signal from the sensor element 3 is controlled to generate a 
prescribed voltage value, and thereafter it is amplified by the power supply 
element 7, and then sent to the control unit (not shown) through the lead frame 
8, the terminal 12 and the female connector. 

Here, note that in Fig. 1, the engine is arranged at a location under the 
pressure sensor apparatus, so that the pressure sensor apparatus can be fitted 
into the intake manifold from an upper side thereof. Therefore, there is room 
in an upper side space along the plane of Fig. 1 from the pressure sensor 
apparatus. 

Moreover, the size of the height of the pressure sensor apparatus is 
decided by the connector 13, and in actuality, it becomes the height of the 
apparatus in the state in which the female connector is fitted into the connector 
13. 

Since the pressure sensor apparatus is arranged in such a state, the 
height size of the pressure sensor apparatus according to this embodiment, in 
which the sensor element 3 is arranged on one side surface of the lead frame 
8 with the control element 6 and the power supply element 7 being arranged 
on the other side surface of the lead frame 8, becomes enlarged as compared 
with that of the aforementioned known one. However, the loaction at which 
the enlarged portion is arranged is a dead space A immediately above the 
sensor element 3, so only the dead space A is narrowed. As a result, in 
comparison with the known pressure sensor apparatus, the pressure sensor 
apparatus according to this first embodiment is reduced in the layout thereof to 
such an extent that the lateral size of the inventive apparatus becomes smaller. 
Embodiment 2. 

Fig. 3A is a front elevational view of a sensor module 40 in a pressure 
sensor apparatus according to a second embodiment of the present invention. 
Fig. 3B is a cross sectional view of the sensor module 40 shown in Fig. 3A. 
Fig. 3C is a rear view of the sensor module 40. 
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In this second embodiment, a control element 6 is arranged on one 
side surface of a lead frame 8, whereas a power supply element 7 is arranged 
on the other side surface of the lead frame 8 in such a manner as to overlap 
with the control element 6. A sensor element 3 is arranged immediately 
above the power supply element 7 on a line perpendicular to the plane or 
surface of the lead frame 8. 

In this pressure sensor apparatus, the control element 6 and the power 
supply element 7 are first mounted on the opposite sides of the lead frame 8, 
respectively, and thereafter, the control element 6, the power supply element 7 
and the lead frame 8 are integrated with one another by insert molding to form 
a resin body 9. After this, the sensor element 3 is installed on a seat 11, and 
the lead frame 8 and the sensor element 3 are then electrically connected with 
each othe through a wire 10. 

According to this pressure sensor apparatus, the control element 6, the 
power supply element 7 and the sensor element 3 are arranged in a manner 
as to overlap with one another in a line perpendicular to the lead frame 8. As 
a result, the lateral size of the apparatus can be made smaller as compared 
with that of the first embodiment. 

Furthermore, although the size of the height of the apparatus becomes 
larger as compared with that of the first embodiment, such an increase in the 
height size only narrows the dead space A. Therefore, in comparison with the 
first embodiment, the pressure sensor apparatus of this second embodiment 
can be reduced in the layout thereof to such an extent that the lateral size of 
the apparatus can be made smaller. 

Here, note that the power supply element 7 may be arranged on one 
side surface of the lead frame 8 with the control element 6 being arranged on 
the other side surface of the lead frame 8 so as to overlap with the power 
supply element 7, and the sensor element 3 may be arranged immediately 
above the control element 6 on a line perpendicular to the plane of the lead 
frame 8. 
Embodiment 3. 

Fig. 4A is a cross sectional view of a sensor module 50 in a pressure 
sensor apparatus according to a third embodiment of the present invention. 
Fig. 4B is a cross sectional view of a lead frame 51 shown in Fig. 4A. 

In this third embodiment, the lead frame 51 comprises a circuit board 
having conductive patterns 51a, 51b formed on the opposite surfaces thereof, 
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respectively. A power supply element 7 is electrically connected with the 
conductive pattern 51a on one side surface of the lead frame 51 , and a control 
element 6 is electrically connected with the conductive pattern 51b on the other 
side surface of the lead frame 51 . 

The lead frame 8 in each of the first and second embodiments is 
formed by stamping a metal plate, and is made of a single material with the 
same or equal potential present on the front and rear surfaces thereof. 
Accordingly, the control element 6 and the power supply element 7 have 
different potentials, respectively. As a result, those portions of the lead frame 
8 which are electrically connected with the control element 6 and the power 
supply element 7 through wires 10, respectively, are separated from each other, 
as shown in Fig. 4C. 

In contrast to this, according to the pressure sensor apparatus of this 
third embodiment, since the circuit board with the conductive patterns 51a, 51b 
formed on the opposite surfaces thereof is used as the lead frame 51, it is 
possible to perform wire bonding on the front and rear surfaces of the lead 
frame 51 at different potentials, respectively, without separating or dividing the 
lead frame 51 into a plurality of pieces. Therefore, the lead frame 51 can be 
miniaturized as compared with the lead frames 8 of the first and second 
embodiments, thus making it possible to reduce the entire size of the pressure 
sensor apparatus. 

Here, note that a flexible circuit board can be used as the lead frame 
51, and in this case, thermal stress generated upon welding of the lead frame 
51 and a terminal 12 (see Fig. 1) is absorbed by the lead frame 51, whereby 
the sensor module 50 can be prevented from being damaged due to the 
thermal stress. 
Embodiment 4. 

Fig. 5 is a cross sectional view of a sensor module 60 in a pressure 
sensor apparatus according to a fourth embodiment of the present invention. 

In this fourth embodiment, a lead frame 61 has an exposure portion 
61a between a sensor element 3 and a control element 6 and between the 
sensor element 3 and a power supply element 7, at which a portion of the lead 
frame 61 is exposed outside. The exposure portion 61a is bent into a U- 
shaped configuration so that the sensor element 3 is arranged to overlap with 
the control element 6 and the power supply element 7. 

The lead frame 61 of this pressure sensor apparatus is similar to the 
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lead frames 8 of the first and second embodiments, and hence the control 
element 6 and the power supply element 7 are installed on an end portion of 
the planar lead frame 61 and molded with a resin to form a first resin portion 
9A by means of insert molding. Also, a second resin portion 9B having a seat 
11 integral with the lead frame 61 is formed by insert molding. Thereafter, the 
exposure portion 61a is bent into a U-shaped configuration so that the first 
resin portion 9A and the second resin portion 9B are overlapped and joined 
with each other to form a resin body 9. Finally, after the sensor element 3 is 
installed on the seat 11, the sensor element 3 and the lead frame 61 are 
electrically connected with each other through a wire 10. 

According to the pressure sensor apparatus of this fourth embodiment, 
though the height size thereof becomes larger as compared with that of the 
second embodiment, it is possible to miniaturize the apparatus in terms of the 
layout thereof to such a extent that the lateral size of the apparatus is able to 
be reduced in comparison with the aforementioned known pressure sensor 
apparatus. 
Embodiment 5. 

Fig. 6 is a cross sectional view of a pressure sensor apparatus 
according to a fifth embodiment of the present invention. 

In this fifth embodiment, a control element 6 and a power supply 
element 7 are installed on a terminal 70 at which a signal from the power 
supply element 7 is output to the outside. The control element 6, the power 
supply element 7 and the terminal 70 are integrated with one another through 
a resin body 71 by means of insert molding. 

According to this pressure sensor apparatus, the terminal 70 plays the 
role of the lead frame 8 in each of the first through fourth embodiments, so that 
a sensor module and a lead frame as employed in these embodiments 
become unnecessary, thus making it possible to omit a process of welding the 
lead frame and the terminal with each other as well. Accordingly, the number 
of component parts can be reduced, and workability or manufacturing 
efficiency can also be improved. 

In the above-mentioned first through fourth embodiments, the control 
element 6, the power supply element 7 and the lead frame 8 or 61 are 
integrated with one another through the resin body 9 by means of insert 
molding, but a concave portion may instead be formed in the resin body so that 
the control element and the power supply element are fitted into the concave 
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portion. 

As described in the foregoing, the present invention provides the 
following excellent advantages. 

According to a first aspect of the present invention, there is provided a 
pressure sensor apparatus including: a sensor element in the form of a gauge 
resistor arranged to be present in a medium, the pressure of which is to be 
detected, for detecting the pressure of the medium; a control element for 
controlling an electric signal from the sensor element; a power supply element 
for controlling an input from a power supply and a signal from the control 
element thereby to generate an output; a lead frame having the control 
element and the power supply element mounted thereon and serving as an 
electrical conduction path; and a resin body that is formed by integrating the 
control element, the power supply element and the lead frame with one 
another. Any one of the sensor element, the control element and the power 
supply element is arranged at one side surface of the lead frame, with the 
remaining two being arranged on the other side surface of the lead frame. 
With the above arrangement, it is possible to achieve substantial reduction in 
the size of the apparatus by using dead space for example. 

In addition, according to a second aspect of the present invention, 
there is provided a pressure sensor apparatus including: a sensor element in 
the form of a gauge resistor arranged to be present in a medium, the pressure 
of which is to be detected, for detecting the pressure of the medium; a control 
element for controlling an electric signal from the sensor element; a power 
supply element for controlling an input from a power supply and a signal from 
the control element thereby to generate an output; a lead frame having the 
control element and the power supply element mounted thereon and serving 
as an electrical conduction path; and a resin body that is formed by integrating 
the control element, the power supply element and the lead frame with one 
another. The lead frame has an exposure portion at which a portion thereof 
between the sensor element and the control element and between the sensor 
element and the power supply element is exposed outside, and the exposure 
portion is bent into a U-shaped configuration so that the sensor element is 
arranged to overlap with the control element and the power supply element. 
With this arrangement, too, substantial miniaturization of the apparatus as 
whole can be achieved by utilizing dead space. 

Moreover, according to a third aspect of the present invention, there is 
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provided a pressure sensor apparatus including: a sensor element in the form 
of a gauge resistor arranged to be present in a medium, the pressure of which 
is to be detected, for detecting the pressure of the medium; a control element 
for controlling an electric signal from the sensor element; a power supply 
element for controlling an input from a power supply and a signal from the 
control element thereby to generate an output; a terminal having the control 
element and the power supply element mounted thereon for outputting a signal 
from the power supply element to the outside; and a resin body that is formed 
by integrating the control element, the power supply element and the terminal 
with one another. With this arrangement, it becomes unnecessary to employ 
a process of welding a lead frame and a terminal with each other, whereby the 
number of the component parts can be reduced, and workability can be 
improved as well. 

While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modifications within the spirit and scope of the appended claims. 
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